The lidar development at the University of Hertfordshire explores the feasibility of using Raman backscattering for chemical aerosol profiling. This paper provides an overview of the new facility. A high-power Nd:YAG/OPO setup is used to excite Raman backscattering at a wide range of wavelengths. The receiver combines a spectrometer with a 32-channel detector or an ICCD camera to resolve Raman signals of various chemical compounds.
INTRODUCTION
Conventional Raman or high spectral resolution lidar is used for deriving profiles of aerosol optical properties and, if proper input data are provided, retrieving aerosol microphysical properties through inversion techniques. The lidar development at the University of Hertfordshire (UH) is centred on exploring the feasibility of using Raman backscatter of various target species to obtain mass concentration profiles of selected chemical compounds. This marks the logical next step in aerosol profiling with lidar and will allow for defining aerosol types according to their chemical composition rather than optical properties. Ultimately, this will unify the treatment of aerosol types in lidar remote sensing with that of in-situ measurements and atmospheric modelling. The feasibility of the underlying methodology has been proven for measurements of Raman backscattering at silicone dioxide molecules within Asian dust layers [1, 2, 3] .
OBJECTIVES
The lidar spectroscopy instrument (LiSsI) will enable profiling of trace gases, chemical components in particles, and bio-aerosols in atmospheric aerosol pollution through the combination of different nonlinear spectroscopy techniques (photoluminescence, fluorescence, Raman and coherent anti-Stokes Raman spectroscopy) in a single measurement platform. The work at UH includes (1) the development of an end-to-end simulator that allows us to model the processes of inelastic photoluminescence and Raman scattering by aerosol particles and gases in the context of lidar remote sensing, (2) the identification of the luminescence and Raman scattering characteristics for a set of key aerosol types and gases (of natural and anthropogenic origin) by means of laboratory experiments, (3) test measurements and case studies as a proof of concept of the technique under laboratory conditions, and (4) the characterisation and development of a mobile prototype inelastic lidar spectrometer receiver for field deployment at established lidar sites. Figure 1 presents a sketch of the setup of the LiSsI facility. The main components are a high power Nd:YAG laser (Continuum Powerlite Furie LD), an Optical Parametric Oscillator (Horizon OPO), a motorised beam combiner, a multiwavelength depolarisation Raman lidar receiver, a Horiba 1250M spectrometer that can be used with an intensified CCD camera (ICCD, Princeton Instruments PI-MAX4 1024i-HBf) or a 32-channel Licel PMT (32PMT), an Olympus BX51TRF-6 Raman/flourescence microscope, and several custom-made gas chambers.
LABORATORY SETUP
An overview of the properties of the transmitter is provided in Table 1 . The combination of a highpower Nd:YAG laser and an Optical Parametric Os- cillator allows for exciting Raman backscatter for a wide range of excitation wavelengths. The novel lidar receiver setup has been designed and simulated using ZEMAX and will combine the spectral resolution of spectrometers with a 32-channel detector to resolve Raman signals of a variety of chemical compounds. An overview of the configuration and properties of the receiver and data acquisition is provided in Table 2 . Aerosol chambers will enable measurements of a range of chemical species to test the methodology for known compounds and to assess the respective detection limit with respect to applied laser power and resolvable particle concentrations. A Raman microscope will be used to measure the Raman scattering cross-sections of the selected target species-information that is needed to transform the detected signals into mass concentrations. The aim of the facility is to carry out precise inelastic spectroscopy experiments that target measurements of photoluminescence, fluorescence, and Raman spectra of aerosol and gas samples. These measurements will include the identification of spectra, absolute values of fluorescence, and Raman cross-sections that are currently poorly known or unknown.
APPLICATIONS IN LIDAR AND SPEC-TROSCOPY
The LiSsI facility has been designed to allow for comprehensive laboratory experiments as well as for atmospheric observations. The laser beam can be released into the atmosphere through a hatch in the roof of the laboratory. The backscattered light is collected with a 14-inch Schmidt-Cassegrain telescope and guided to the different components of the receiver (Table 2) . Depending on the setup of the experiment, LiSsI can be used as multiwavelength elastic backscatter lidar for measurements of aerosols and temperature from the troposphere to the mesosphere, as multi-channel spectroscopic Raman lidar (using Stokes and anti-Stokes, rotational, and rotational-vibrational Raman scattering), multi-channel spectroscopic photoluminescence/fluorescence lidar, high spectral resolution li- In addition, LiSsI opens possibilities for a wide range of applications in spectroscopy: general spectroscopy (attenuation, transmission, and reflectance spectroscopy), high-spectral resolution spectroscopy, Stokes and anti-Stokes Raman spectroscopy of gas and solid material including applications involving a microscope, fluorescence spectroscopy of gas and solid material including microscope applications, laser-induced breakdown spectroscopy, coherent-anti-Stokes Raman spectroscopy, time-resolved spectroscopy, infrared gas analysis and materials processing.
FIRST RESULTS
The LiSsI laser has been installed in September 2017. Figure 2 shows one of the first measure- 
NEXT MILESTONES
The coming milestones in developing the LiSsI facility are aligned with increasing the complexity of the optical setup. After the initial test measurements (Figure 2) , we intend to perform atmospheric measurements of elastically and inelastically backscattered light at the different laser wavelength using full power. After that, the spectrometer will be integrated into the lidar receiver to allow for multispectral measurements in the atmosphere and using the gas and aerosol chambers in the laboratory.
